Abstract: Solar energy is a clean energy, environmental friendly, abundant and also free. There are various commercially available forms to capture solar energy such as photovoltaic panels (PV), solar thermal electricity and solar panels. Due to high energy consumption in the buildings and to the laws imposed by European Union to reduce the energy consumption, PVs are ideal solutions for residential houses and commercial buildings in regions with a high solar irradiation levels. This paper presents a case study of the influence of environmental factors (i.e. ambient temperature, snow and dust) the PV performance. The evaluation consists in temperature measurements, infrared (IR) imagines taken with a thermovision camera and visual inspections of PV. Measurements performed on the PV system were recorded during one year period.
Introduction
In our century, the energy has become more valued since the energy from conventional source is about to deplete sooner than we expected. At the same time energy consumption increases dramatically worldwide, especially in tertiary and residential sector [1, 2] . For this reason the number of photovoltaic panels installed in the world has increased. Buildings are the key part in the expansion of PV system. They can be applied on the facade surface, roof or installed next to the building in the parking lot [3, 4] .
By the end of 2013 worldwide installed PV had a total production of 140 GW. European Union is holding a leading position with 57% (i.e. 80.7 GW), followed by Asia and USA [5] . The first five countries in Europe that produce solar photovoltaic energy are United Kingdom (3.4 GW), Germany (3.3 GW), Italy (1.6 GW), Romania (1.1 GW) and Greece (1 GW) [5] .
The total global output power of PV in 2014 was ~160 TW/h (terawatt per hour) estimated by International Energy Agency (IEA), which means 0.85 % of the total energy demand in the world [6] . The IEA predicted that by the year 2020, the global PV production would increase to 379 TWh/year [7, 8] .
Therefore, it is important for PV systems to operate at the maximum design capacity to provide a constant and reliable power delivery over their estimated lifetime.
Environmental parameters such as ambient temperature, wind, dust and snow can influence the PV system performance. This paper discusses how the environment factors reduce the PV performance.
Presentation of PV system
Study of PV systems was performed on 13 PVs that were installed on the roof of a residential building located in the University "Politehnica" of Bucharest (UPB). The PVs have a south orientation and a 15° tilt angle. These PV are made of polycrystalline solar cells with an efficiency of 13.4% have a nominal power of 230.7 W/PV, a surface area of 1.67 m 2 /PV, with a total aria of 21.75 m 2 for the 13 panels. PV modules are connected to an inverter that transforms direct current (DC) into alternative current (AC). The surplus energy produced by the PV system is introduced in a local electricity grid of Politehnica University.
The specification for the polycrystalline PV used for this study are listed in Table 1 below. 
The technical data sheet of the PVs list the operating temperature of the PV module, which is between -40 °C and + 85 °C. On the roof of the house is installed one sensor of temperature and one pyrometer that measures the solar radiation that falls on the surface of the PV module. Climate conditions play an important role in the energy production of photovoltaic panels. In Bucharest summers are very hot with temperatures up to 40 °C and in winter temperature drops down to -15 °C.
Result and discussion

Analysis of PV performance
The energy delivered by the PV system using data collected from the 13 PV modules installed on the roof of the UPB residential house over one year was recorded. Figure 1 presents the maximum energy produced by the PV system. During the month of July, 225.10 kWh/month has been produced, while the month of November showed the minimum energy produced by PV, i.e. 19.50 kWh/month. The total energy delivered by the PV system over one year is 1433.45 kWh/year. Figure 2 shows an example of a typical solar radiation in January, which correlates well with the power output for that period of time. The power generated by the PV system depends on the solar radiation. When the solar radiation is below 100 W/m 2 , the power of PV tends to zero. In spring and summer months, we have an increases in energy delivered by PV. 
Analysis of PV module with infrared (IR) thermovision camera
The IR analysis is based on the property of materials to emit electromagnetic radiation and depend on the temperature of materials [9] . In other words, when the objects have a higher temperature than temperature T= 0 K, they emit energy in the form of radiation [10] . Depending on wavelength, the radiation can be of several types: γ radiation, X-rays, ultraviolet, visible, infrared and radio (microwave). Thermal radiation is the result of transforming the internal energy of bodies in energy with wavelengths between 0.1÷ 100 µm, including a portion of the ultraviolet and visible radiation entirely and infrared spectra [10] .
This property of objects to emit the radiation is explained by several laws such as: Stefan-Boltzmann, Planck's and Wien. For example the Stefan-Boltzmann relation express the total power output emitted by a black body which is proportional with temperature [10] .
Where:
] -black body coefficients [10] . For a gray body which not absorb all the incident radiation and not emits as much of energy like black body, is characterized by emissivity, ε < 1.
ε(T) -represent the total emission factor of body [10] . The infrared images on PV system help diagnosticate defect in a PV module and identify the solar cells that are working at a higher temperature than normal. Figure 3 presents an IR image of a panel, which was obtained with a thermovision camera. In this image, the hot areas are red-brown and the cold areas are blue (Figure 4) . The solar cells with a higher temperature are called "hot spot" in the literature. The hot spot represents an area of a PV panel that has a high temperature. This temperature could damage the cells efficiency, since the efficiency of cell decreases with the increase temperature. For instance if the temperature rise with 1°C then losses of energy is 0.5% in a crystalline PV model [4] . The specification of IR image used for this study are listed in Table 2 . appearance in a PV module [9] could be the deposition of dust, partial shadow and bad connection between cells. Also, causes for hot spots are, shortcuts or certain cases when the PV modules were not placed at a minim distance of 25 mm from the roof surface and thus they overheat due to poor ventilation [11, 12] .
Shadow or dusts on a solar cell causes a loss in efficiency due to the fact that the energy is consumed as heat instead of being produced as electricity [9, 13] . The principal cause of the hot spot On the other side, solar cell that operates at a higher temperature then the rest of the cells is considerate an error in the fabrication of PV module. For this reason the solar cell with high temperature can damage the efficiency of PV system even if the system is operating for a short period of time. 
Figure 5. PV examined in visible field
All these methods give information on the causes generating defects such yellowing and browning; delamination, bubbles, cracks in the solar cells; defects in the anti-reflective coating (ARC), hot spots, etc. [9] .
Claudio Ferrara and Daniel Philipp [14] haves studied the climatic stress that affect the PV module such as solar irradiation, UV irradiation, humidity, wind, snow, rain, hail, high/low temperatures, temperature changes, salt, sand and dust. The result of this study [14] shows that the climate tests represent the most rigorous test in the current standards.
Abhishek Rao et al. [15] performed a study on the influence of the dust deposited on the PV surface on the performance of PV. In their experiment, tow PV modules setup on the roof, where one PV was clean and the other one was covered with dust. The performance of the PV modules was analyzed by recording the I-V curves under different solar radiation [15] . The result of this experiment was that the dust deposition on the PV surface does not affect the open circuit voltage of the panels. Instead the power loss of the dusted panel which was 5 to 6 % of the maximum power output. Losses recorded on the dusted panel depended on the density of dust deposited on the panel [15] . For example, if the dust surface density is 1.4 g/m 2 then loses of PV power is 5-6 %, while the power loss is between 45-55% if the dust density is 7.1 g/m 2 .
Conclusion
This research work was focused on the study of photovoltaic panels that generated energy over one year for a residential house in Bucharest, Romania. The result of the measurements performed in real time showed that the power output is closely related to the solar radiation and varies depending on the season.
From the IR imaging we realized that the PV module analyzed in this work has solar cells exhibiting a higher temperature compared to the others. The results show that the high temperature solar cells lose energy by heat and actually consume energy instead of producing. The main cause found in this case is due to the dirt dust deposited on the surface of PV. To have a longer lifetime, the PV must be maintain clean in summer, and to be washed and cleaned of snow in winter.
